FIGURES 1 INTRODUCTION
In order for the Distributive Impact Assessment Model (DIAM) to be more consistent with the U.S. Department of Energy (DOE) Energy Information Administration's (EIA's) National Energy Modeling System (NEMS) technology choice methodology, DIAM now includes technology choice models. These models are used to calculate end-use technology market shares. Like the NEMS technology choice models,' these share models are dependent on life-cycle costs and "consumer bias." The DIAM share model also includes other variables that capture the effect of a few select demographic and household variables, as well as weather variables.
For a description of the residential component of NEMS, see DOE (1994). The technological shares within these service areas are defined only by fuel type, whereas in the NEMS residential model they are more specifically defined. Fuel-switching is considered only in the space heating, water heating, and cooking end-use service areas. It is assumed not to occur in the central air conditioning and base load service areas, where electricity is assumed to be the only energy source.
The share model is a logit specification (Maddala 1983; Judge et al. 1985) . The logitshare equations are a function of indices, which in turn are dependent on variables that differentially affect the odds of choosing one system over another. The index is linear in form: ocj fj(ICj,0Cj,Xj) = -( I C j +-)+ pa, The life-cycle cost of alternative j is the expression shown in parentheses.* The estimate of the probability, Pr, of a household choosing alternative j is where yj is a binomial variable that is equal to 1 if alternative j is chosen and 0 otherwise.
In the case of the space heating end-use service category, there are six fuel-type options: Naturalgas, Electricity, Liquid petroleum gas (LPG), Fuel oil and kerosene, Wood,and Other fuel.
* It is assumed that the influence of the system costs is captured in the estimate of the constant term and that the consumer discount rate can be derived from the installation and operating cost coefficients. Mathematically, the argument is:
The consumer discount rate can be empirically derived from estimates of a and y by dividing the former by the latter. Therefore, the implied discount rate is In this model, an assumed discount rate is used. Installation and operating costs are set equal to 1 in the base period. The effect of changing operating and installation costs on technology shares in subsequent periods is determined by applying fuel-specific installation and operating cost growth rates. In order to estimate the system of share equations and ensure that the resulting probabilities sum to 1, the set of coefficients associated with the natural gas index were set equal to 0. The parameter estimates are listed in Tables 1-3. Because of the normalization rule, an estimated parameter measures the probability difference of selecting one fuel with respect to natural gas. Over time, change in a fuel's market share is a function of changes in installation and operating costs and in the composition of other variables specified in the model. Later, the simulated effect of lower electricity installation costs on space heating shares will be presented as an example.
Since installation and operating costs are not reported in the EIA's Residential Energy Consumption Survey (RECS) data files, the effect of life-cycle costs on shares cannot be estimated. Neither an estimate of the discount rate nor the degree of its statistical significance is known. It is assumed that the effect of life-cycle cost on share value is embodied in the constant term (Footnote 2). With this assumption, along with the normalization of operating and installation costs in the base period? the influence of life-cycle costs on appliance shares can be simulated.
For each fuel type/end use, changes in fuel-specific operating and installation costs will be determined by weighting the fuel-/technology-type option by its share of the market in that fuel-type/end-use segment. For example, if the fuel-type and end-use category for natural gas In the base period, operating and installation costs are set equal to 1. Cooling-Degree Days 4.5010 x 10" -9.0107 x 10" -9.5700 x 10" 4.5677 x 10" 2.5428 x 10" (65°F base) (1.3926 x 10") (1.0261 x lo4) (1.6839 x 10") (2.1474 x 10") (5.8693 x Heating-Degree Days 9.2169 x 7.0298 x 10" -1.7304 x 10" -5.2970 x 10" -1.7023 x 10" (65'F base) (6.4941 x lo5) (3.3369 x lo") (5.9115 x lo-') (1.4629 x 10") (3.3263 x lo5) space heating were composed of 5% natural gas heat pumps and 90% other natural gas, the operating and installation costs associated with natural gas heat pumps and other natural gas systems would be weighted by a factor of 0.05 and 0.95, respectively. Summing these weighted values yields an estimate of operating and installation costs for natural gas space heating systems. These estimates are then used to calculate changes in operating and installation costs.
The 1990 Residential Energy Consumption Survey (RECS6) data and the S W A M Econometrics computer program's nonlinear estimation procedure were used to estimate the multinominal logit share models (DOE 1993; SHAZAM 1993).
SPACE HEATING SHARE MODEL
The parameter estimates give a measure of how a variable affects the odds ratio of a particular fuel (or electricity) with respect to natural gas. The estimated equation for each of the space heating technologies is described separately. Where possible, inferences from the parameter estimates are given.
In all cases the estimated constant term is negative, indicating that the net effect of aLl excluded variables increases the probability of using natural gas relative to the other alternatives. Other variables that have the same qualitative effect on the odds ratio for each of the five technologies are the metropolitan location variables -central city and nonmetropolitan location -and Latino ethnicity.
Metropolitan location plays an important role in determining the type of fuel used for space heating. For each of the space heating alternatives, the central city variable is negative and statistically significant, whereas nonmetropolitan location is positive in each case and highly significant in the LPG, wood, and other-fuel cases.
It is asserted that metropolitan location variables pick up the influence that population density has on natural gas distribution cost. It is presumed that in more densely populated areas, the distribution costs of natural or piped gas are typically lower. Therefore, it is proposed that natural gas space heating share will rise in central cities and fall in nonmetropolitan areas, as indicated by the equation parameter estimates.
The Latino variable is negatively related to each of the estimated technologies but is only marginally significant in the LPG and electricity equations.
LIQUID PETROLEUM GAS
The absolute value of the estimated constant term is largest in the LPG equation. This implies that the net effect of excluded variables on space heating share is largest in the LPG equation, with the collective effect of these unobserved factors on LPG space heating share being very negative.
Along with the constant term, the metropolitan location variables are highly important. The probability of having an LPG-based space heating system in a central city location is very small. The probability dramatically increases in nonmetropolitan areas. The magnitude and level of statistical significance of both metropolitan location variables are large. The magnitude of the absolute effect of central city location is greatest in the LPG equation.
The household income variable is statistically most significant in the LPG space heating share equation, and its effect on space heating share is negative -the higher the income, the smaller the estimated LPG space heating share.
The parameter estimates indicate that LPG is more likely to be used for space heating by low-income non-latino whites living in the rural South.
FUEL OIL AND KEROSENE
In the fuel oil and kerosene share equation, the cooling-degree day variable is important. It is negatively related to the estimated space heating share of fuel oilkerosene and is highly significant. Conversely, the estimated coefficient of the heating-degree day variable is statistically insignificant and positive.
Central city location is also important. The estimated probability of using fuel oil/kerosene for space heating falls in central city locations. Fuel oil and kerosene are more likely to be used for space heating in larger homes located in suburban northern areas.
WOOD
Metropolitan location and weather are important factors influencing the use of wood for space heating. Both metropolitan location variables -central city and nonmetropolitan location -are statistically significant. The central city location variable is negatively related to the estimated space heating share value of wood, whereas nonmetropolitan location is positively related.
Both cooling-and heating-degree days are negatively related to the wood space heating share estimate and are statistically significant. The negativity of both estimates implies that there is some optimal trade-off between cooling-and heating-degree days. Given that the marginal and negative effect of cooling-degree days is much larger, this suggests that the use of wood for space heating will occur most frequently in areas with low to moderate cooling loads. The parameter estimates indicate that wood is more likely to be used for space heating by white households living in homes located in rural northern areas,
ELECTRICITY
Many factors influence electricity use: weather, metropolitan location, size of home, ethnicity, and race. Also, it is worth noting that the net effect of excluded factors, as measured by the constant term, is statistically insignificant in the electricity equation.
The effect of weather on the electric and other-fuel space heating shares is similar. The estimated electric space heating share rises with cooling-degree days and fails with heatingdegree days.
The size of the home's heated area and the estimated space heating share are negatively related for electric space heating technologies. Therefore, use of electricity for space heating is more likely to occur in smaller homes.
Electricity is less likely to be used for space heating in central cities. However, the relative magnitude of the effect of central city location on electric space heating share is small compared to the other options. Therefore, the absolute effect that central city location has on the electric and natural gas space heating odds ratio is smaller than for other space heating system options.
Nonmetropolitan location is statistically insignificant in the electricity equation, as it was in the case of fuel oil and kerosene. This empirical result, along with that associated with central city location, indicates that electricity use for space heating is more frequent in suburban areas relative to natural gas.
Both race and Latin ethnicity are statistically significant. The estimates indicate that black and Latin households are less likely to use electricity for space heating relative to natural gas.
In relationship to natural gas, the parameter estimates indicate that electricity is more likely to be used for space heating by non-Latino whites living in small homes (possibly townhouses, mobile homes, or apartments) located in suburban southern and western areas.
OTHERFUEL
The other-fuel category is an amalgam of coal or coke, solar collectors, no fuel used, and miscellaneous. A wide variety of factors significantly influence the likelihood of using other fuels for space heating -weather, area heated within the home, metropolitan location, household incorne,.and race of the household head.
Both cooling-and heating-degree days are marginally significant. Cooling-degree days are positively related to the estimated probability of using other fuels for space heating, and heating-degree days are negatively related. The signs of the cooling-and heating-degree-day parameters imply that the space heating share for other fuels is largest in very warm areas with very low heating loads.
The area-heated variable is more significant in the other-fuel equation than it is in any other space heating equation. The variable is highly significant and is negatively related to other fuel's estimated space heating share, thus suggesting that other fuels are more often used in smaller homes.
As in many other cases, metropolitan location is a factor in determining space heating share. Both central city and nonmetropolitan'location are statistically significant. Central city location and space heating share are negatively related, while nonmetropolitan location and share are positively related. From these results, the estimated space heating share for other fuels will rise in nonmetropolitan areas.
In the other-fuel equation, household income is marginally significant and is positively related to the estimate of other-fuel share. Only in the other-fuel equation is household income both statistically significant and positive.
In relationship to natural gas, the parameter estimates indicate that other fuels are more likely to be used for space heating by moderate-income white households living in small homes (possibly mobile or small summer homes) located in rural southern and western areas.
Like the parameter estimates for the space heating share equation, the parameter estimates for the water heating share equations give a measure of how a variable affects the odds ratio of a particular fuel (or electricity) with respect to natural gas. As in the case of the space heating share model, all of the estimated constant terms are negative, again indicating that the net effect of all excluded variables increases the probability of using natural gas relative to the other alternatives.
Central city location is the only variable that has, in relationship to natural gas, the same qualitative effect on the odds ratio for each of the four water heating technologies. For each of the technologies, the estimated water heating share falls, relative to natural gas, in the central city location when other variables are held constant.
Again, it is asserted that the metropolitan location variables pick up the influence that population density has on natural gas distribution cost and that the share of natural gas systems will rise in central cities and fall in nonmetropolitan areas because of the respective fall and rise of natural gas distribution costs in these areas.
LIQUID PETROLEUM GAS
As in the case of the space heating share model, the absolute value of the estimated constant term is largest in the LPG equation, implying that the net effect of excluded variables on water heating share is largest in the LPG equation. Again, the collective effect of these unobserved factors on LPG space heating share is very negative.
The estimated LPG water heating share is highly dependent on weather and metropolitan location variables. The qualitative effects of these variables on LPG water heating share are the same as in the space heating share model.
Both the cooling-and heating-degree-day variables have the same sign and are statistically significant. The magnitude of the effect of cooling-degree days on LPG water heating share is greater than that of heating-degree days. As mentioned earlier, under these circumstances, the LPG share will increase with rising cooling-degree days.
In the LPG equation, the magnitude and level of statistical significance of both metropolitan location variables are large. The magnitude of the -effect of central city and nonmetropolitan location is greatest in the LPG equation. As in the space heating model, central city location is negatively related to LPG water heating share, and nonmetropolitan location is positively related.
The parameter estimates indicate that LPG is more likely to be used for water heating by non-Latinos living in the rural South. 
FUEL OIL AND KEROSENE
In the fuel oil and kerosene share equation, the cooling-degree-day variable is once again important. As in the space heating share model, it is negatively related to the estimated water heating share of fuel oilkerosene and is statistically significant. Both central city and nonmetropolitan location variables are significant in the fuel oil and kerosene equation. The estimated fuel oil and kerosene water heating share falls in both locations, indicating that the share of fuel oil and kerosene relative to natural gas increases in metropolitan suburbs. Fuel oil and kerosene are more likely to be used for water heating in homes located in suburban northern areas.
ELECTRICITY
In the electricity equation, each of the specified variables, except for heating-degree days, is statistically significant. The net effect of excluded variables on electricity use for water heating is negative and statistically significant; however, its absolute magnitude in the electric share equation is smaller than that for other share equations.
In the case of electric water heating, the cooling-degree day variable and the estimated electric water heating share are positive and statistically significant. Unlike the situation found in the space heating model, the heating-degree-day variable is not statistically significant; however, it does have the same negative sign.
Once again, the size of the home's heated area is related to the estimated space heating share. As in the space heating case, the estimated water heating share for electricity and the area heated are negatively related.
Both metropolitan location variables are statistically significant in the electric water heating share equation. The relationship between nonmetropolitan location and electric water heating share is particularly strong. Central city location is negatively related to electric water heating share, and nonmetropolitan location is positively related.
Again, both race and Latin ethnicity are statistically significant. As in the space heating model, the estimates indicate that black and Latin households are less likely to use electricity, relative to natural gas, for space heating.
The parameter estimates indicate that electricity is more likely to be used for water heating by non-latino whites living in small homes (possibly mobile homes, townhouses, or apartments) located in southern and western suburban and nonmetropolitan areas.
OTHERFUEL
In the case of water heating, the other-fuel category includes coal and coke, wood, solar collectors, and other miscellaneous systems. The net effect of excluded variables on the water heating share of other-fuel systems is significant. The magnitude of the effect is only greater in the case of LPG.
Heated-area and nonmetropolitan location are also statistically significant. The estimated coefficient for area heated in the other-fuel equation is negative, therefore suggesting that other-fuel systems are less likely in larger homes. For the other-fuel water heating equation, nonmetropolitan location is statistically significant and positively related to the other-fuel water heating share.
In relationship to natural gas, the parameter estimates indicate that other-fuel water heating is more likely in small homes located in rural areas.
COOKING SHARE MODEL
The cooking end-use service category contains four options: natural gas, LPG, electricity, and other fuels. The other-fuel category includes fuel oil, kerosene or coal oil, coal or coke, wood, other miscellaneous, and no cooking.
As in the case of the other end-use service share models, all of the estimated constant terms are negative, again indicating that the net effect of the excluded variables increases the probability of using natural gas relative to the other alternatives. However, the estimated constant term for the other-fuel system equation is statistically insignificant.
The weather variables have the same qualitative effect on the odds ratio. For each of the technologies, the estimated cooking share rises with cooling-and heating-degree days relative to natural gas when holding other variables constant. This result is difficult to explain; there is neither a technical nor a theoretical reason that readily accounts for the relationship between cooling-and heating-degree days and cooking shares. It is likely that these variables are substitutes for other factors that influence cooking-fuel choices, such as regional location, which is correlated to fuel price, and other appliance choices, which are dependent on weather.
LIQUID PETROLEUM GAS
As in the case of the other share models, the absolute value of the estimated constant term is largest in the LPG equation, suggesting that the net effect of excluded variables on cooking share is largest in the LPG equation. Again, the collective effect of these unobserved factors on LPG cooking share is very negative.
In the LPG equation, the parameter estimates are statistically significant. The estimated LPG cooking share is highly dependent on weather, home size, metropolitan location, and race and ethnicity variables.
Both cooling-and heating-degree-day values are significant and positive. The value of the cooling-degree-day coefficient is larger. However, the positive signs of the degree-day variables suggest that the full increase implied by the coefficients will not occur. Some of the increase will be offset by a decline in the contribution of the other degree-day variable, which is denoted by a negative relationship between cooling-and heating-degree days.
In the LPG cooking share equation, the area-heated coefficient is also statistically significant. Since LPG is used extensively in mobile homes, the negative sign probably reflects this fact.
In the LPG equation, again the magnitude and level of statistical significance of both metropolitan location variables are large. As in the water heating model, the magnitude of the effect of central city and nonmetropolitan location is greatest in the LPG equation. As in each of the other models, central city location is negatively related to LPG water heating share, and nometropolitan location is positively related.
The parameter estimates indicate that LPG is more likely to be used for cooking by nonLatino whites living in swlall homes in the rural South.
ELECTRICITY
Again in the electricity equation, most of the specified variables are statistically significant. The net effect of excluded variables on electricity use for water heating is negative and statistically significant. However, the absolute magnitude of the electric cooking share, as in the case of the water heating model, is smaller than that for the other share equations.
There is a positive relationship between the cooling-and heating-degree-day variables and the estimated electric cooking share. The cooling-and heating-degree-day variables are both statistically significant. Given their relative size, the likelihood of electric cooking is greater in the South.
Both location variables are statistically significant in the electric cooking share equation. The relationship between central city location and electric-cooking share is especially strong. As in the other two models, central city location and electric-cooking share are negatively related, whereas nonmetropolitan location and electricity share are positively related.
In the electricity equations, race and Latino ethnicity have been statistically significant, and as in every other case, the relationship is negative. In relation to natural gas, the parameter estimates indicate that electricity is more likely to be used for cooking in non-Latino white households located in suburban southern and nonmetropolitan areas.
OTHERFUEL
In the case of cooking, the other-fuel category includes fuel oil, kerosene or coal oil, coal or coke, wood, no coohng, and other miscellaneous systems. In general, the variables in the other-fuel equation are not highly significant, indicating that the set of variables used to specify other systems does not effectively distinguish other fuels from natural gas cooking.
Heated area is the most significant variable in the other-fuel equation. The estimated coefficient for area heated in the other-fuel equation is negative, implying that other-fuel systems are less likely to be used in larger homes. In relation to natural gas, the parameter estimates indicate that other fuels are more likely to be used for cooking in smaller homes.
SENSITIVITY ANALYSIS
Each of the models is very significant, with the log-likelihood ratio ranging from 774 for the cooking-share model to 1,535 for the space heating share model. Therefore, the "null" hypotheses suggesting that the specified model variables have no effect on the selection of technological alternatives are resoundingly rejected.
LIFE-CYCLE COSTS
One of the purposes of these share models is to capture the effect that changing life-cycle cost has on fuel appliance shares. The life-cycle cost is determined by the discount rate and the equipment's expected life. As mentioned earlier, the expected life of the three types of appliances is assumed to be infinite, and an assumed discount rate is used that is not statistically determined.
The value of the discount rate can be very important in determining shifts in relative market shares as operating costs change. The larger the discount rate, the more myopic is the household when making appliance investment decisions.
To demonstrate the potential sensitivity of the estimated technology end-use service shares to different discount rate assumptions, the effect of a fall in electricity operating cost on space heating shares is considered under two different discount rate scenarios -"low" and "high" rate cases. A discount rate of 100% is assumed in the low case and a rate of 10,000%, in the high case. In the latter case, the household behaves myopically and, for all practical purposes, only considers installation costs in its appliance investment decision.
The results of the life-cycle cost sensitivity analysis are shown in Figures 1-3 . The relative share for each of the technologies, with the exception of electricity, is the same for each of the cases. This implies that there is a similar shift in the relative technology share in each of the cases. For example, in Figure 2 (the low-electric-priceflow-discount-rate case), the relative loss in share for each of the nonelectric technologies is the same. In the low-electric-priceAowdiscount-rate case, the price of electricity is assumed to decrease by half. As a result, the electricity share increases by about 47% when compared to the base case. In the high-electricpriceAow-discount-rate case, the price 9f electricity is assumed to double. The electric share decreases by approximately 38% in this case. In contrast to these large shifts is the negligible change in relative technology shares for the high-discount-rate case, shown in Figure 2 .
In Figure 3 , relative changes in space heating share are shown for the low-and highdiscount-rate cases under the low-electric-price scenario. As expected, the relative increase in electric space heating share is substantially larger under the low-discount-rate case. Under this case, the electricity share increases by about 2.5 times over the base case. 
INCOME QUINTILE SHARES
It is important for the share model to provide good technology share estimates at the subgroup or disaggregated level, because the primary objective of the model is to provide a disaggregated breakdown of the distributive effects of energy policy on different population groups. Tables 4 and 5 show comparisons by income quintile of the 1990 RECS sample means and the estimated sample means for natural gas and electricity space and water heating shares. For space heating, the percentage deviation from the actual ranges from -2.12 to 1.53% for natural gas and -6.57 to 4.16% for electricity. For water heating, the percentage deviation ranges from -2.88 to 3.05% for natural gas and -3.16 to 6.19% for electricity. As expected, the percentage deviations rise with those systems that account for a lower share of the end-use service market.
The actual and estimated variations in shares among the income quintile groups are not very large for either the space heating or the water heating end-use service areas. The relative rankings for the income quintiles by end-use service share are reasonably similar for the actual and estimated shares. The biggest discrepancy occurs in the water heating model. In the case of natural gas, Quintile Four's actual ranking is 1, whereas its estimated ranking is 3. In the case of electricity, Quintile Five's actual ranking is 3 but its estimated ranking is 1. In all other cases, the actual and estimated rankings are never more than a place off.
BACK-CASTING
The individual share models were estimated by using the 1990 RECS sample. In order to get a better idea of how robust the model estimates are, the model was used to estimate shares against the 1987 RECS sample (DOE 1990) . The results of this back-casting procedure are shown in Tables 6 and 7. As expected, the percentage differences between the actual and estimated share values are larger. For the four cases -natural gas/space heating, natural gadwater heating, electricityhpace heating, and electricity/water heating -an analysis of variance was conducted.
In each case, the null hypothesis cannot be rejected at the 5% level of significance. However. for the natural gashpace heating case, this condition is only marginally met. In the other three cases, the null hypothesis is strongly accepted. 
